To describe an animal model of rapid intravenous infusion with different volumes of crystalloid and discuss the clinical findings.
The high-volume fluid infusion aims to reduce the circulation of antidiuretic hormone and aldosterone interfering in the trauma response (surgery). It´s also capable of reducing the incidence of alkalosis after the surgery when compared to other methods of fluid therapy (restrictive and replacement according to balance), since the alkalosis is the predominant acid-base imbalance on 1st to 3rd day after surgery 3 .
The rapid infusion of crystalloids generates other phenomenon also well studied: the hemodilution 4 . This technique evidenced very effective in the prevention of thrombosis in vascular microanastomosis 5 and possibly could benefit patients in the prevention of pulmonary thromboembolism in plastic surgeries 6 . Therefore, the objective of this study is to describe an animal model of rapid intravenous (IV) infusion with different volumes of crystalloid, and discuss the clinical findings.
Methods
Fifty six adult male Wistar rats were used, weighting from 280 g to 360 g (mean of 318 g ± 4). All rats were fed with Table 1 . The variables were presented through difference, mean and standard deviation. It was calculated the differences between the times (T 1 e T 2 ), and the comparison between the groups was performed by an analysis of variance, followed by Dunnett's test (comparison to the control). It was used an analysis of variance (ANOVA) to validate the incidence of respiratory arrest and death.
The findings were significant at the 0.05 level.
Results
There was a large variation in respiratory rate of animals before and after the procedure. The average number of breathes per minute before the procedure ranged from 65 (group 2) to 87
(group 0), nearly 35% of the difference for the time T 1 - Table 2 . The heart rate average in the groups ranged from 233 bpm (group 2) to 288 bpm (group 0) difference a little less than 25%. There was a significant reduction in the groups 4, 5 and 6 (Table 3) . The average of peripheral oxygen saturation in T 1 measured by oximetry sensor ranged from 79% (group 5) to 94%
(group 1).After fluid infusion only the groups 5 e 6 presented a significant change between T 1 and T 2 comparing with the control group Table 4 . A respiratory arrest was detected after fluid administration in 50% of the animals in the group 3 and 100% of animals in the groups 4, 5 and 6. This arrest was temporary (< 1 minute) in all of the animals of group 3 and 4, and 75% of the animals in the group 5. In these cases the animals returned to breathe spontaneously without any intervention or assistance. In 25% of the animals in the group 5 and a 100% in group 6 the respiratory arrest was final, and the rats died. All of animals in the groups 0, 1, 2, 3 and 4 remained alive and they were euthanized to the end of the experiment. The Figure 2 displays the respiratory arrest and death occurrence in each group. . The volume of fluid utilized is equivalent to 1.800 ml in an adult human of 60 Kg or 9 ml in a rat of 300 g, in other words, a little more than 50% of blood volume. Checking the respiratory rate in T 1 and T 2 the group corresponding to infusion of 0.5 fold BV did not presented significant change relative to the control besides that also showed a smaller difference between the times. This may be due to the increase of pulmonary blood and oxygenation improvement as another study suggests 8 . There was a significant difference only in 3 fold BV group, where all animals died, which means that all of them presented T 2 equal to zero.
Respiratory rate, therefore, is not an appropriate parameter . Differently from described, in this study the animals presented a reduction of 10% in the heart rate in group 1, which was progressively larger in subsequent groups. This can be explained by the circulatory physiology where the cardiac output is a product of stroke volume by heart rate 9 . As stroke volume increased due to increased BV, the heart rate tends to low stabilizing the cardiac output.
Those authors 8 also observed a drop in the SpO 2 value despite not having found important changes in the blood gases pressures. This finding was attributed to the lower concentration of oxygen in the blood, a natural consequence of hemodilution, which does not cause a reduction in the oxygenation of the tissues.
In this study the SpO 2 value indicated by pulse oximetry was progressively lower presenting significant difference only in the groups 5 e 6. Muir et al. 8 also describe dissociation in the drop of SpO 2 and the pO 2 value, suggesting the SpO 2 is not a reliable parameter in hemodiluted patients. Lower airways resistance was partitioned and lung morphology studied in dogs under controlled vascular conditions.
It was observed that as left atrial pressure was increased, peripheral airways resistance showed a gradual increase which was reversible if the atrial pressure was not raised above 15 mmHg; and above this value the peripheral airways resistance rose more steeply and was no longer reversible 10 . That finding probably explains the progressive presence of respiratory arrest and death in the animals of this study; the respiratory arrest was transitory in the groups 3 and 4, which rats possibly have not reached the left atrial pressure equivalent to 15 mmHg described in dogs. In the group 5 some of them (25%) showed an irreversible respiratory arrest and died. In the group 6 all animals died.
The method and results from this experimental model can be used in researches that involve fluid administration in large amount such as bleeding, shock, coagulation disorder, thrombosis prevention, hemodilution, fluid management and overload studies. 
